The aim of the study was to validate a revised Mandarin version of the Postoperative Quality of Recovery Scale (PostopQRS) and to apply the revised version in a Chinese population. In a prospective design, bilingual volunteers completed the scale at baseline, day one, day seven, and day 14 in both languages, with the order of language and parallel forms randomised. In addition, lung cancer patients undergoing open or video-assisted thoracoscopic surgery (VATS) completed the Mandarin version prior to surgery, day one, day three, day seven, day 14, one month, and three months postoperatively. Sixty-eight volunteers participated in the validation part of the study and in the clinical application, 93 lung cancer patients were included. The scores in the Mandarin version were equal to the English version in all domains at all timepoints including the word generation task, when the Mandarin morpheme was included in any part of the Mandarin word. However, Mandarin scores were lower in the word generation task if the morpheme was only included in the first part of the word. In addition, the Mandarin version was able to identify lower rates of overall recovery (P <0.01), nociceptive (P <0.01), emotive (P <0.01), and activities of daily living recovery (P=0.02) after open surgery compared to after VATS. The revised Mandarin version is equivalent to the English version for the cognitive domain, if morpheme substitution for the word generation task is allowed as any part of the word, and it is able to discriminate quality of recovery in Chinese patients.
1 is a survey-based tool that measures quality of recovery after surgery in multiple domains and over multiple time periods. It is simple to perform and has been validated for use either face-to-face or via telephone interview, with recovery scored as a return to baseline values or better. The cognitive domain has been calibrated to include variability in performance 2, 3 . Five objectively measured recovery domains are assessed including physiological, nociceptive, emotive, activities of daily living and cognitive. In the cognitive domain, five verbal questions derived from traditional neurocognitive tests are used to assess cognitive function, including orientation (to name, place, and date of birth), digits forward, digits backward, word recall, and word generation 1, 2 . The PostopQRS has been validated for feasibility, face validity, psychometric performance, and discriminant validity 1, 2, [4] [5] [6] [7] . A study conducted in China investigating regional anaesthesia in patients undergoing total knee replacement identified difficulty with performing the word generation task and modified the cognitive domain to exclude it 8 . The word generation task involves generating as many words as possible in 30 seconds that start with a letter (e.g. C). The Mandarin Chinese language, however, is a symbol-based rather than alphabet-based language and the use of English letters is not appropriate. The Mandarin version of the controlled word-association test 9, 10 requests participants to "generate as many words as you can in 60 seconds", uses ' ' (shui, means water), ' ' (fa, means hair), and ' ' (kai, means open).
The aim of the study was to validate a revised Mandarin Chinese version (Appendix 1, see website) of the PostopQRS by investigating whether morpheme substitution for letters in the word generation task of the cognitive domain would produce equivalent scores to the English version. A secondary aim was to assess the ability of the revised Mandarin version to discriminate quality of recovery between lung cancer patients undergoing either open surgery or video-assisted thoracoscopic surgery (VATS). 
Materials and methods

Design and study participants
To validate the psychometric properties of the revised Mandarin version of the word generation task, a prospective observational study including bilingual healthy volunteers was conducted. Participants were originally from mainland China and were fluent to a 'native speaker level' in both English and Mandarin, or had completed tertiary education in English. In addition, to assess the discriminant validity of the tool in a Chinese population, a second study on lung cancer patients undergoing either open surgery or VATS was prospectively included. Exclusion criteria to enrolment for both parts of the study included cognitive impairment that impacted on the ability to give consent or comprehend the respective languages.
Data collection
For the volunteer validation, participants completed all sections of both the English and Mandarin versions of the PostopQRS, other than the physiological domain, on four occasions, at baseline, day one, day seven, and day 14. For the assessment of discriminant validity, the Mandarin version was conducted on seven occasions, at baseline prior to surgery, day one, day three, day seven, day 14, one month, and three months after the procedure. The physiological domain was assessed only at day one and day three. For both parts of the study, the initial baseline testing was performed face-to-face and subsequent testing performed either face-to-face or via telephone according to the participant's preference.
The PostopQRS cognitive domain uses three parallel forms to reduce learning and each included a different letter or morpheme for the word generation task. To reduce the potential for learning effect or language preference effect, we randomised the order of the language, and in addition, the order of the three parallel forms used at each timepoint. The allocation sequence was concealed in double-sealed opaque envelopes and only revealed to the person conducting the survey.
Revision of the Mandarin version of the PostopQRS
A review of the current translation of the English version of PostopQRS into the Mandarin Chinese version was conducted by a team of expert translators from China and a senior academic who completed her PhD in Australia and is fluent in Mandarin (former academic at the Polytechnic University in Hong Kong).
The Mandarin language is based on pictograms, whereas English is based on an alphabet, and they have very different linguistic structures 11 . The recovery domains (physiologic, nociceptive, emotive, activities of daily living) could all be translated directly from English to Mandarin. The cognitive domain questions including orientation, number-based questions and word lists could also be directly translated. However, the word generation task involves generating words beginning with a defined letter of the alphabet and cannot be directly translated. Morphemes are mostly monosyllabic and are minimum units of meaning in Mandarin. Syllables are morphemes in most cases and represented by a single character as a rule. There are some words formed by a single syllable, but most words consist of two or more monosyllabic morphemes. These monosyllabic morphemes may be either free (be able to stand independently) or bound.
We instructed participants in the English version word generation task as follows: "I am going to name a letter and I would like you to state as many words as you can in 30 seconds that begin with this letter, avoiding proper nouns, such as people's names, names of countries. The letter is 'F' (or 'C' or 'P', depending on the parallel form used). In the Mandarin version we substituted the morphemes ' ' (shui), ' ' (fa), or ' ' (kai), and conduced this task twice-first where the morpheme is included in any part of the word, and second where it is included in the first part of the word only.
Clinical study
Only the revised Mandarin version of the PostopQRS was used for the clinical study. In the operating room, anaesthetic monitoring included electrocardiography, pulse oximetry, invasive arterial blood pressure, and bispectral index. Anaesthesia was induced with 0.05 mg/kg midazolam, 1.5 to 2 mg/kg propofol, 2 to 3 μg/kg fentanyl, and 0.15 mg/ kg cisatracurium, followed by endotracheal intubation. All patients were intubated with double-lumen tubes. Following endotracheal intubation, continuous infusions of propofol and fentanyl were titrated to maintain a bispectral index between 40 and 60. Mechanical ventilation was controlled using pressure-or volume-controlled ventilation, with a tidal volume of 6 to 8 ml/kg during two-lung ventilation and of 4 to 6 ml/ kg during one-lung ventilation, and a respiratory rate of 12 to 20 /minute adjusted to maintain end-tidal carbon dioxide between 35 and 45 mmHg. Positive end-expiratory pressure of 5 to 10 cmH 2 O was used and the fraction of inspired oxygen was adjusted to maintain an oxygen saturation of more than 90% or an arterial partial pressure of oxygen (PaO 2 ) of more than 60 mmHg whilst on one-lung ventilation.
For the VATS group, a 1 cm incision at the midline of the eighth intercostal space was used for the observation port and a 3 to 5 cm incision at the front of the fourth or fifth intercostal line was used for operative access. For the open surgery group, a standard posterolateral incision of 12 to 15 cm at the fifth or sixth intercostal space was used. After tumour removal, lymph nodes and pathological changes of lung tissue were examined, haemostasis was ensured, the lung was reinflated, drain tubes inserted, and the incisions were closed.
For postoperative analgesia, patient-controlled intravenous analgesia was used. A patient-controlled analgesia pump with butorphanol (0.1 mg/ml) was set at an infusion rate of 2 ml/ hour, with a bolus volume of 0.5 ml, a lockout interval of 15 minutes, and a maximum of four boluses per day equalling a daily maximum dose of 5 mg. None of the patients received epidural analgesia.
Statistical analyses
Data are described as mean, standard deviation (SD) for continuous variables, or n (%) for categorical variables. For the validation, data for each task of the survey was compared between Mandarin and English versions using repeated measures analysis of variance with Greenhouse-Geisser correction for four time periods (baseline, day one, day seven, and day 14). Differences between word generation values for the Mandarin morpheme as either the first part of the word or any part of the word were analysed using paired sample Student's t-tests at each timepoint. Learning effect was measured by within-group analysis using repeated measures analysis of variance. For the assessment of discriminate ability, recovery scores were calculated according to the rules published for the PostopQRS 1, 2 , and differences between groups in quality of recovery and patient perspective over time were assessed using the CochraneMantel-Haenszel test.
The sample size of 68 for the language validation was estimated on detecting a 10% difference between English and Mandarin values for the word generation task, with a two-tailed, matched, paired t-test design, with the alpha error set at 0.05 and power at 0.9, with an estimated score of 10 words generated for the English version, and standard deviation of 2.5 words. SPSS Statistics version 22 was used for statistical analyses, and P <0.05 considered significant.
Results
Sixty-eight volunteers participated in the validation part of the study and completed all timepoints in both English and Mandarin languages. They had a mean age of 23 (SD 5) years, and 15.7 (SD 3) years of full-time education. In the assessment of discriminant ability, 93 participants were included between May 2016 and October 2016 of which 36 participants were in the open surgery group and 57 participants were in the VATS group. All participants completed all timepoints and their clinical characteristics are shown in Table 1 . As seen, the mean ages in the open surgery group and the VATS group were 63 (SD 8) years and 62 (SD 10) years, respectively, and the years of full-time education were 6.0 (SD 3.6) and 6.6 (SD 3.9) years, respectively.
In the initial validation part of the study, all participants 'recovered' for all the domains tested and at all timepoints. There were no differences in scores between the Mandarin and English versions at any timepoint for the nociception, emotion or activity of daily living domains. In the cognitive domain, all participants scored three in the orientation task in both languages, whereas the results of the other cognitive tasks over the four timepoints are shown in Figure  1 . As seen, there were no differences over time in scores for digits forward (P=0.82), digits backwards (P=0.87) nor word recall (P=0.63) between the English and Mandarin versions. Likewise, there was no difference between the Mandarin and English versions for the word generation task (P=0.45), when the Mandarin morpheme was included in any part of the Mandarin word. However, for the word generation task there was a difference over time if the Mandarin morpheme was used only in the first part of the Mandarin word (P <0.01) and differences were found at all the four timepoints (P <0.01). For the word generation task, a learning effect was evident at day 14 (P <0.01), but no learning effects were demonstrated in any of the other tasks or timepoints.
In the assessment of discriminant ability of the revised Mandarin version, recovery profiles over time are displayed in Figure 2 . As demonstrated, differences in recovery between the open surgery group and the VATS group were found in overall recovery (P <0.01), nociceptive recovery (P <0.01), emotive recovery (P <0.01), and activities of daily living (P <0.01), but not in physiological (P=0.93) or cognitive recovery (P=0.81). (8) 62 (10) Male sex, n (%) 22 (61%) 32 (56%)
Weight, kg, mean (SD) 63 (7) 64 (12) Height, cm, mean (SD) 164 (7) 166 (8) Years in full-time education, years, mean (SD) 6.0 (3.6) 6.6 (3. Patient perspective over time is demonstrated in Figure 3 . There was a higher proportion of patients in the VATS group than in the open surgery group reporting only mild or no impact on the ability to do daily living activities (P=0.01), whereas there were no differences between the groups in terms of the impact on ability to work (P=0.56), clarity of thought (P=0.29), nor satisfaction with anaesthetic care (P=0.82).
Discussion
This study showed that the English and Mandarin versions of the PostopQRS are equivalent provided that morphemes are substituted for English alphabet letters in the word generation task, and that the morpheme can be included in any part of the word, rather than only being included in the first part of the word. In addition, the study demonstrated that the revised Mandarin version of the PostopQRS is able to discriminate recovery profiles between lung cancer patients undergoing either open surgery or VATS.
Feasibility of the scale was confirmed as each volunteer completed the PostopQRS at all timepoints in both English and Mandarin versions. Because the participants did not undergo surgery, the values for each of the questions should not change other than for normal day-to-day variability, and 'recovery', defined by return to baseline values or better, should approach 100%. This was achieved, with no participants failing to recover. Also, the participants were young, healthy and mostly tertiary educated. It was anticipated that their values for each domain would reflect a normal state and cognitive domain scores should be high. This was confirmed in the study.
The cognitive domain was likely to be the most affected domain from translation error, though tests based on numbers were unlikely to be affected, as numbers are consistent for both languages. However, it was important to calibrate whether the word lists and use of morphemes as a substitute for letters produced similar values. From our data, we recommend that for the Mandarin version the morpheme can be used in any part of the word.
In a Chinese population of lung cancer patients undergoing open surgery or VATS, the revised Mandarin version of the PostopQRS was able to identify differences in recovery in multiple domains. Ansari et al 12 assessed quality of recovery with the English version of the PostopQRS up to seven days postoperatively in a mixed cohort undergoing open surgery or VATS, and importantly, our rates of recovery using the revised Mandarin version are comparable to theirs. Additionally, our application of the revised Mandarin version in a patient population showed that the discriminant potential of the tool is evident in a less educated cohort.
Since the development of the PostopQRS, a number of other languages have been translated. As part of a new translation, both forward and reverse translation is conducted by multiple translators. Any major change to any part of the survey also undergoes a validation process as has occurred for this study. To date, languages undergoing validation for PostopQRS include Swedish, Arabic, Greek, Malay, Russian, Portuguese, Yugoslav and Japanese. Our standard approach is to firstly test for stability of the scale over time, and to compare scores, especially in the cognitive domain, against the English language in volunteers who have not undergone surgery. This is then followed by a discriminant validation clinical study, measuring two groups of patients where a difference is expected.
Limitations
We selected highly educated participants in order to ensure that they were bilingual. It is possible that lower scores, or greater variability could occur with older and less educated people. The participants were from Mainland China and so their native language is Mandarin rather than English. If there was bias, it should favour the Mandarin language scores, which did not occur. A learning effect is possible with repeated testing, though randomising the order of conduct of the language versions and the three parallel forms minimised this.
Conclusion
The revised Mandarin version of the PostopQRS is equivalent to the English version for assessment of cognition, provided that morpheme substitution for the word generation task is allowed in any part of the word. In addition, the revised Mandarin version is able to discriminate recovery profiles in a Chinese population of lung cancer patients undergoing either open surgery or VATS.
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